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Ucclas 

SECTION I. EVALUATION OF GRDUND -CTERIZATION L/ 
SAMPLES YrOI-2 AND MCN-3 

A detailed metallurgical evaluation of two exothermically-brazed 

nick. ;i pound characterization samples .was conducted a t  Battelle-Columbus . ' . 

Samples MCN-2 and =<-3 were among s i x  samples #at w e r e  brazed as pa r t  

of Exothermic Brazing Experiment e M552 a t  the -Mararall S ~ a u h t  Cent.r - -- 
in  November, 1972.* They were made to obtain base-line data for  use i n  

determining the effect  of weightlessness on (I) the wetting and flow behavior 

of brazing f i l l e r  metals and (2) the metallurgical characterist ics of the 

brazed joints. The samples were evaluated by metallographic examination 

and electron microprobe analysis. 

SAMPLE DESCRIPTION 

Each sample donsisted of a nickel** sleeve in to  which a thin-wall 

nickel tube was brazed with the self-fluxing silver-copper f i l l e r  metal 
\ 

Ag-28 Cu-0.2 Li (BAg-8a). The f i l l e r  metal s t r i p  (0.035 inch thick by 0.145 

inch wide) was formed into  rings; one ring was placed i n  each of two grooves b 

tha t  were located near each end of the sleeve. The brazing clearance, i .e.,  

the spacing between the tube and the sleeve, was 0.010 inch; the clearance 

was uniform for the ,dl1 joint  length. Spacers or  inser ts  were used t o  
I 

provide th i s  clearance and maintain the concentricit); of the tube within the 

sleeve. 

QNLY COPY PLEASE R E T U R N  Sectioning , B 

Samples MCN-2 and t4CN-3 were sectioned perpendicular t o  the lon- 

gitudinal axis of the tube assembly t o  produce a se r ies  of circular sections. 

The other samples were also sent t o  Battelle-Columbus. After preliminary 
examination and sectioning, two samples were sent  t o  the Oak iddge National 
Laboratory for isotope mapping and two samples w e r e  sent t o  the ~;iversi*- 
of Wisconsin for metallurgical study. 

I ** The composition of the bar stock from which the tube and sleeve were - 
machined was essentially pure nickel with traces of copper and iron. 
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sectieuiing bas done with a water-cooled s i l icon carbide cut-off wheel, 0.020 

inch wide. The use of a narrower cut-off wheel t o  minimize the width of the 

kerf was considered. Hwever, cutting tests conducted with a 0.010-inchride 

wheel indicated that  equipment modifications would be needed to produce 

para l le l  cuts and avoid wheel breakage; also,  cutt ing r a t e s  with t h i s  wheel 

were very slow. 

Both samples were sectioned a s  shown i n  Figure 1-1. Sectioning 

was done i n  general conformance with the plan adopted during a meeting tha t  
8 

was held a t  Battelle-Columbus i n  August;'1972. However, instead of section- ---  
ing to produce circuiar specimens with a uniform wiath of 0.100 inch (2.5 mm), 

the samples were sectioned i n  areas t ha t  appeared t o  be more informative, 

i.e., through the f i l l e r  metal r ing grooves, through porosity areas, etc.  Ten 

sections were cut from Sample MCN-2 and nine sections w r r e  cut  from Sample 

MCN-3. Each section was identified to indicate its location along the longi- 

tlldinal axis of the sample. 

Visual Examination 

The sections from Samples MCN-2 and MCN-3 were examined under low- 

. power magnification t o  (1) study the visual  appearance of the brazed tube 

assembly, (2)  confirm the radiographic findings, and (3)  se lec t  sections for 

metallographic examination. The resu l t s  of these studies are  discussed below. 

Sample MCN-2 

A s  indicated by radiography, t h i s  t h e  assembly was well brazed 

frcm one end t o  the other. F i l l e r  metal was present around the en t i re  joint  

circumference i n  each section (except those tha t  were cut  through the f i l l e r  

metal r ing grooves). The joint  quality was excellent, and there were no v is ib le  

defects i n  any of the sections. Excess f i l l e r  m e t a l  was accumulated a t  the 

bottom of each ring groove; i .e. ,  a t  the 6 o'clock position of the sample 

during brazing. However, excellent flow was indicated by the presence of 

a thin layer of f i l l e r  metal over the en t i re  surface of the r ing grooves. 

Pive sactions were selected for  metallqraphic study. 



To aid  i n  studying the flaw character is t ics  of the f i l l e r  metal, a 

short section of one f i l l e r  m e t a l  r ing i n  each sample was removed, i r radiated 

w i t h  neutrons to produce radioisompe ~ g l l ' ,  and replaced i n  the  groove. The 

isotope was located in reg is te r  with ax ia l  l ines  that w e r e  machined on the 

outer surface of the sleeve to f i x  the isotope position with respect t o  the 

sample orientation during brazing. The isotope ac t iv i ty  l eve l  of Samples 

MCN-2 ard MCN-3 was s l igh t ly  less  than 50 microwires. 

Samples MCN-2 and MCN-3 were almost identical .  Both samples were 
t 

brazed i n  the horizontal position; .however ,' the samples were oriented during -1: 

brazing t o  locate the isotope t racers  i n  MCN-3 and MCN-3 a t  3 o'clock and 6 

08clock, respectively. The samples were brazed i n  a vacuum furnace with 

exotherms tha t  weighed 60 grams; the pressure wit-Mn the furnace-was 8.5 x 

lo-' torr f o r  MCN-2 and 9.8 x t o m  f o r  MCN-3. The brazing temperature 

was monitored with a thermocouple attached t o  the center I D  of the tube. The 

maximum temperature to which the samples were heated during brazing was 1930 F 

(1054.4 C) fo r  MCN-2 and 1915 F (1046.1 C) fo r  MCN-3. 

After brazing, the samples were radiographed a t  the Marshall Space 

Pl ight  Center. The f ~ l l w i n g  cormaents are  based on the interpretation of C,e 
b 

radiographs. 

Sample MCN-2: Excess f i l l e r  metal puddled i n  the bottom, i.e., 

6 o'clock position, of the . r ing  grooves -- excellent jo int  

qual i ty  -- no porosity. . 

Sample MCN-3: Excess f i l l e r  metal puddled i n  the bottom of one 

r ing groove - some porosity in  one location. 

VISUAL EXAMINATION ' 

The sections from Samples MCN-2 and Ma-3 were examined under low- 

power magnification t o  (1) study the visual  appearance of the brazed tube 

assembly, (2) confirm the radiographic findings, and (3)  se lec t  sections for  

metallographic examination. The resu l t s  of these studies a r e  discussed below. 

Sample MCN-2 

Ila indicated by radiography, this '  tube assembly was well brazed - 
from one end t o  the other. F i l l e r  metal was present around the en t i re  jo int  



circumference i n  each section (except those t ha t  were cu t  through the f i l l e r  

metal r i ng  grooves). The joint  qual i ty  was excellent, and there were no 

v i s ib le  defects i n  any of the sections. Excess f i l l e r  metal was accumulated 

a t  the bottom of each r ing groove; i .e . ,  a t  the 6 o'clock posit ion of the 

s q l e  during brazing. However, excellent flow w a s  indicated by the presence 

of a th in  layer of f i l l e r  lrietal over the en t i re  surface of the r ing grooves. 

Pive sections were selected for  more detailed metallographic study. 

Sample MCN-3 

This tube assembly was a l so  w e l l  brazed for  its ent i re  length, 

and the circumLerentia1 joints i n  a l l  sections (excluding sections cu t  through 

the r ing grooves) were f i l l e d  with brazing f i l l e r  metal. While the jo in t  

qual i ty  was generally excellent, there was evidence of porosity o r  voids i n  
, 

the joint  contained in one section. The porous area was located t o  the l e f t  

of the right-hand r ing groove i n  the 1 o r  2 o'clock position during brazing. 

The existence of porosity i n  t h i s  location was a lso indicated by radiography. 

Excess f i l l e r  metal was accumulated a t  the bottom of each r ing groove; there 

was considerably more f i l l e r  metal i n  the ribht-hand groove than i n  the lett-hand 

groove. The surfaces of each r ing were coated with a th in  layer of 

f i l l e r  metal. Five of these sections were a l so  selected f o r  further study. 

. METALWGRAPHIC EXAMINATION 

Sections from Sample MCN-2 and KN-3 were examined metallographically 

t o  study (1) the wetting and flow characteristick of the f i l l e r  metal, (2) 

the  quality of brazing, (3)  defects and the i r  frequency of occurrence, (4)  

metallurgical reactions between the base metal and f i l l e r  metal, and (5)  

jo int  microstructures. These studies a re  discussed below. 

Sample MCN-2 

Pive sections representing areas where differences i n  the joint  

characterist ics might be evident were examined. The designation and approxi- 

mate location of each section are shown in  E'igure 1-2. Sections MCN-2-1 - 



and MCN-2-9 -re cu t  and mounted to pennit examination of the joint  surfaces 

para l le l  t o  the longitudinal axis of the sample. The remaining sections were 

mount& t o  show the ent i re  c i rcwferen t ia l  joint  between the tube and sleeve, 

i.e., the surface perpendicular to  the longitudinal axis of the sample. After 

polishing, the metallographic speqimens were examined i n  the unetched and 

otched condition; the metal1r;rgical features of the joints were generally 

most evident i n  the unetched condition. 

Section MCN-2-1 

One side of the joint  i n  t h i s  section is shown a t  a magnification 

of 20X i n  Figure 1-3. The joint  quality is excellent; the f i l l e r  metal wet 

the base metal well and flowed t o  completely f i l l  the  joint  between the tube 

and sleeve. The inser t  used t o  maintain the spacing between the tube and 

sleeve was brazed t o  the remainder of the assembly. A few isolated voids 

were present i n  the joint  area. The other side of the joint  had an appearance 

similar to tha t  shown i n  Figure 1-3. 

Selected Z c a s  of this joint  are  shown i; the as-polished condition . 
a t  250X and 500X i n  Figures 1-4 and 1-5, respectively; the area covered by 

Figures 1-4 i s  also shown i n  the etched condition a t  the same magnification 

i n  Figure 1-6. The microstructure between the joint  interfaces is largely 

comprised of a eutectic phase and a phase tha t  appears t o  have been formed 

by the reaction of the f i l l e r  metal with the base metal.,  Etching appeared 

t o  have the same effect  on t h i s  phase a s  it did on the phase along the jo int  

interface. The dissolution of the base metal by the molten f i l l e r  metal is 

clearly evident i n  the attached photomicrographs. The width of the zone resul t -  

ing frcm this reaction was about 0.001 inch. 

The microstructure of the brazed joints is discussed i n  more d e t a i l  

l a t e r  i n  t h i s  report. 

Section EN-2-2  

The f u l l  circumferential joint  between the nickel tube and sleeve 

is shown a t  4X i n  Figure 1-7. The quality cf t h i s  joint  was generally 

excellent except for  an accumulation of voids that are evident a t  the 1 2  

- 



o'clock and 3 o'clock locations i n  Figure 1-7. (The 3 o'clock position 

corresponds t o  the location of the isotope txacsr i n  this sample.) These 

voids, one of'which extended across 70 percent of the  joint ,  could have formed 

a s  the r e su l t  of insuff ic ient  f i l l e r  metal i n  this area. They could have a lso 

formed if f i l l e r  metal drained from this area in to  an area def ic ien t  i n  f i l l e r  

metrrl.. Their presence was not noted i n  the interpretation of the radio- 

graphs of t h i s  sample. Voids a t  the 3 o'clock location a re  shown a t  25OX 

i n  Figure 1-8. . 

.Interface-to-interface measurements werecmade a t  90 degree interva1d:j i 

around the jo int  circumference to determine (1) the clearance between the  

tube and sleeve and (2)  t h e  concentricity of t h e  tube within the sleeve. These 

measurements are l i s t ed  below. 

Location 

12 o'clock 

3 o'clock 

6 o'clock 

9 o'clock 

Clearance, in. 

0.0093 

0.0078 

0.0099 

0.0109 

The average joint  clearance, 0.0095 inch, was jus t  s l igh t ly  less  than the 

design clearance of 0.010 inch. The tube was well-centered ver t ical ly  i n  

the  sleeve, but was o f f s e t  s l igh t ly  (toward the 3 o'clock location) i n  the 

horizontal orientation. 

Section MCN-2-3 

A section of 'the right-hand f i l l e r  m e h l  r ing groove is shown a t  

4X i n  Figure 1-9. The accumulation of f i l l e r  metal a t  the bottom of the r ing  

groove indicates that the tube assembly was brazed i n  the orientation shown 

i n  t h i s  figure. Capillary forces were ineffective because the r ing groove 

was too wide (0.055 inch). As a r e su l t ,  the f i l l &  metal collected i n  a 

puddle due to gravity and it did not form a smaoth meniscus. Nevertheless, 

suf f ic ien t  flow occurred t o  coat the en t i re  surface of the  ring groove with 

a thin  fi lm of f i l l e r  metal. 



A section near the left-hand edge of the accumulated f i l l e r  metal 

is shown a t  lOOX i n  Figure 1-10. There a re  some isolated voids i n  t h i s  araa. 

, The microstructure is largely comprised of a eutectic phase and another phase 

resulting from the reaction of the f i l l e r  metal with the base metal. 

Section MCN- 2-6 

The en t i re  circumferential jo in t  i n  a section midway between the 

ring grooyes was examined; i ts appe,arance is s i m i l a r  t o  tha t  of the joint  I ,.. 
shown i n  Figure 1-7. The joint quality was generally excellent; the f i l l e r  

metal wet the base metal and f i l l e d  the joint  almost completely. There were 

a few isolated voids i n  the joint; they incr,.lsed i n  s ize  and number i n  the 

3 to 6 o'clock quadrant. The joint  microstructure was similar t o  tha t  of the 

section discussed above. 

Section MCN-2-9 

A'complete moss section of the left-hand r ing groove is  shown a t  

2OX i n  Figures I - l la  and I-l lb.  In the sectdon of the joint  tha t  was located 

a t  the 1 2  o'clock position during brazing (Figure I - l l a ) ,  there wzi, f i l l e t  

of f i l l e r  metal i n  the corners of the r ing  groove, but the groove i t s e l f  was 

empty. However, the surfaces of the groove w e r e  coated with a thin film of 

f i l l e r  metal as  it flowed into the jo in t  between the tube and sleeve. In the 

section that  was located a t  6 o'clock during brazing (Figure I - l l b ) ,  the r ing 

groove was completely f i l l e d  with accumulated f i l l e r  metal as indicated by the 

radiograph of t h i s  area. 

Sample MCN-3 

Five representative sections from Sample MCN-3 were examined met- 

allographically. The designation and approximate ' location of each section 

a re  shown' i n  Figure 1-12. Three sections (MCN-3-3, MCN-3-5, and MCN-3-91 

. were cut and mounted to  permit examination of the jo int  surfaces para l le l  

to the longitudinal axis of the sample. The remaining sections were mounted 

to show the f u l l  circumferential joint  between the tube and sleeve. 



Sac tiori MCN- 3- 2 

A circumferential section through the right-hand ring groove of th is  

sample is shown a t  4X i n  Figure 1-13, The location of the accumulated f i l l e r  

m e a l  indicates that  the tube assembly was brazed i n  the orientation shown i n  

Figure 1-13. Considerably more f i l l e x  metal remained i n  the ring groove of 

t h i s  sample a f te r  brazing than i n  the corresponding ring groove of Sample 

MCN-2 (Figure 1-9). Apparently, the f i l l e r  metal did not flow as well as  it 
I 

did i n  the previous sample. A s  observed previously'; however, the surfaces k . ~  

of the ring groove were coated w i t h  a thin film of f i l l e r  metal. 

The microstructure of the accumulated f i l l e r  metal is  shown a t  

l O O X  i n  Figure 1-14. It is similar in  appearance t o  microstructures examined 

previously. 

Section MCN-3-3 

The cross section of the right-hand ring groove w a s  also examined. 

In appearance, t h i s  crass section was essentially :Pentical t o  that  shown i n  

Figures I - l la  and I-llb. The lower portion of the ring groove was f i l l e d  with 

f i l l e r  metal; the upper portion was empty. However, f i l l e r  metal had flowed 

from the ring groove t o  f i l l  the joint between the tube and sleeve. 

Section MCN-3-4 

A circumferential section between the ring grooves i s  ~hown a t  4X 

i n  Figure 1-15. The joint between the tube and the sleeve is essentially void 

for about 40 degrees of its circumference, and there a re  numerous voids on 

either side of this area. The void area was located a t  the top of the sample 

during the brazing cycle. In the radiographs of th i s  joint,  it was interpreted 

as an area of porosity. The remainder of th i s  joint was largely defect-free. 

A section of the void area i s  shown a t  250X i n  Figure 1-16. The 

presence of some f i l l e r  metal and some material i n  a zone where the molten - 
f i l l e r  reacted with tht base metal implies that  f i l l c r  metal was present i n  

t h i s  area during the brazing cycle. However, much of it (presumably the 

eutectic phase) drained into areas deficient i n  f i l l e r  metal before solidifica- 

t ion was completed. There is one area along the lower interface where the 

f i l l e r  metal appears t o  have penetrated the bounh-ies of a grain in  the base- 

m e t a l .  



A defect-free area of this , joint  is shown a t  250X and SOOX i n  Figure 

1-17. The joint  microstructure is similar t o  tha t  observed i n  various sections 

of Sanple MCN-2. However, the length of the par t ic les  along the interface 

indicates that  more reaction between the molten f i l l e r  metal and the base 

metal occurred in t h i s  sample than i n  Sample MCN-2. 

Section MCN-3-5. 

a 

The section adjacent to  MCN-3-4 was examined i n  cross section. The 

continuation of the area tha t  is essentially void can be seen i n  the upper 

section of t h i s  joint  (Figure 1-18a). This area has the appearance of being 

once f i l l e d  with f i l l e r  metal during the brazing cycle. The lower section 

of this joint ,  i.e., the section located a t  6 o'clock during brazing, is 

completely f i l l e d  with f i i l e r  metal (Figure I-18b). Numerous isolated voids 

are present i n  the joint. 

Section MCN-3-9 

This section was mounted to permit examination of the cross section 

of the left-hand r ing groove. The r ing groove i n  the area located a t  12 o'clock 

during brazing was empty; the bottom of the r ing groove was pa r t i a l l y  f i l l e d  

with f i l l e r  metal. The joint  microstructure was similar t o  t ha t  observed in 

other sections of t h i s  sample. 

MICROSTRUCTURAL STUDIES 
I 

I 
An investigation was conducted t o  s t d y  the base metal-filler m e t a l  

reactions tha t  occurred during brazing and the i r  effects  on the microstructure 

of the brazed joint. Also, the approximate composition of same of the phase 

constituents was determined. 

The lnicrostructure of a typical area along the joint  interface of 

Section MCN-2-1 is shown i n  the unetched condition a t  a magnification of 250X 

i n  Figure 1-19. Considerable reaction between the base metal and the molten 

f i l l e r  metal occurred during the brazing cycle. In Section MCN-2-1, measure- 

ments indicated tha t  a layer of base metal, 9.0005-inch-thick o r  l e s s ,  was - 



diarolved by the molten f i l l e r  metal t o  form another phase a t  the  joir.; in ter-  

, fa- (areas labelled A i n  Figure 1-19]. Presumably, this is a nickel-copper 

phaae because nickel and copper form a continuous s e r i e s  of so l id  solutionst 

on the other hand, the solubi l i ty  of nickel i n  l iquid s i lver  is l e s s  than 0.5 

\weight percent a t  the brazing temperature. (1,2) Based on its appearance i n  

the &etched and etched condition, t h i s  phase a lso appears t o  be present i n  

the f i l l e r  metal matrix (areas labelled B i n  Figure 1-19). 

The microstructure of the brazed-joint  was further studied by electnon 

miczoprobe analysis. An areaC similar t o  t ha t  indicated i n  Figure 1-19 was . . 

scanned with the electron beam to determine the dis t r ibut ion of the following 

elements: nickel ,  copper, and s i lver .  The result ing X-ray images for  these 

elements are  shwn in  Figures I-2Oa, I-20b, and I-20c. By examining the 

variat ions i n  in tensi ty  t ha t  indicate the approximate concentration dis t r ibut ion 

of each element in the area being scanned, it was possible to estimate the 

composition of phase constituents i n  areas of in te res t .  The resu l t s  of electron 

microprobe analysis are  discussed belaw. 

(1) The approximate composition of the phase (A i n  Figure 1-19) 

a t  the joint  interface t h a t  resulted from dissolution of the 

base metal by the molten f i l l e r  metal is 95 Cu-5 N i .  

( 2 )  The composition of the phase (B i n  Figure 1-19) i n  the f i l l e r  

metal matrix is ident ical  t o  tha t  of the phase a t  the jo in t  

interface.  %is copper-rich reaction product formed along the 

. in terface and became detacheL as dissolution prog-essed. 

( 3  The l i gh t  areas of the f i l l e r  metal matrix (C i n  Figure 1-19] 

a r e  corposed of essential ly pure s i lver .  These areas are  

devoid of copper because of the reactLon.of the molten f i l l e r  

metal with the base metal. 

(4) A t t e m p t s  were made to identify other constituents of the  micro- 

s t ructure ,  e.g., areas labelled D. However, the composition 

of these areas could not be determined because they were too 

omall. Presumably, they represent a copper-rich phase similar 

t o  areas A and B. 

Hansen, M.,  Constitution of Binary Alloys, McGraw-Hill Book Company, New York, 

E l l i o t ,  R. P., Ed*, Constitution of Binary Alloys, F i r s t  Supplement,_McGraw-Hill 
Book Company, New York, N.Y. (1965). 

The area scanned by the electron beam differed s l igh t ly  fram that shown i n  
Figure X-19 because the specimen was redolished before examination. However, 
the area scanned contained the features shown i n  Figure 1-19, 



Tha exothermic brazing cycle d i f f e r s  substantial ly from tha t  used f o r  

conventional brazing operations wi* Ag-28 Cu-0.2 Li f i l l e r  metal. Ground 

characterization sunples MCN-2,and MCN-3 were brazed a t  temperatures abwe 

1900 F (1037.8 C ) ;  tha t  i a ,  a t  temperatures much higher than the l iqui?~?* 

t.mperaturc,of Ag-28 Cu-0.2 L i  f i l l e r  metal, 1400 F (760.0 C) .  The t;.lda 

required t o  heat  these s;mples t o  the brazing temperature was very short  

(one minute) and the t o t a l  time during which the f i l l e r  metal was molten was 

correspondingly shor t  also. In contrast ,  most as~emblies  made with t h i s  
I 

. i l l e r  metal are  brazed a t  1450 to 1500 F (787.7 to 815.5 C) .  While the time -- 
required to braze the assembly depends on its mass and the  capabi l i t ies  of 

th. furance, it is re la t ively  long i n  comparison w i t h  the time required for  

exothermic brazing. Since the amount of reaction between the  base metal and 

f i l l e r  metal is largely dependent on the brazing temperature and the tim 

during which the f i l l e r  metal is molten, the microstructures of exo thedca l ly -  

brazed joint  could d i f fe r  appreciably from those of joints brazed conventionally. 

To study th i s  possibi l i ty ,  a nickel-tee joint  was brazed with Ag-28 Cu-0.2 L i  

f i l l e r  metal in  a vacuum (2.8 x, lo-' t o r r )  a t  1500 P fo r  5 minutes.* 

An unetched section of the  nickel tee-joint  is shown a t  250X i n  

Figure 1-21a; for  d i r ec t  comparison, a section from MCN-2 is shown a t  the 

same magnification i n  Figure I-21b ( t h i s  figure is ident ical  t o  1-41. The 

microstructures of these joints r e f l e c t  differences a t t r ibutable  t o  the braz- 
1 

ing conditions. The amount and dis t r ibut ion of the coppet-rich phase (A i n  

Figure I-21a and I-21b) indicates t ha t  more reaction between the base metal 

and f i l l e r  metal occurred in the exothermically brazed j c in t  than i r i  the 

furnace brazed joint. However, the width of the reaction zone a t  the in ter-  

face was comparable for  both joints. The microstructure of areas a t  some 

dietance from the joint  interface d i f f e r s  considerably. In the furnace- 

brazed joint  (Figure I-21a), there is a si lver-rich dendri t ic  phase (C) 

dispersed i n  a matrix of the silver-copper eutectic (D!. In  the e x o t h e d c -  

brazed joint  (Figure I-2lb), the following phases a re  present: a copper-rich 

phase (A ) ,  a phase tha t  is essent ia l ly  pure s i lver  (B) , and a phase t ha t  was 

not ident i f ied (C) . 
The differences i n  the microstrucutres of exothermically-brazed and 

furnace-brazed joints appear t o  bo primarily a t t r ibutable  t o  the difference 

i n  the brazing thermal cycle. 

- 
The material for  the te2-joint was obtained from excess stock on Sample MCN72; I 

I 

tha f i l l e r  metal w a s  obuLned from MSFC. 1 
.+ - -  
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FIGURE 1-8. SECTION MCN-2-2 
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FIGURE 1-14. SECTION MCN-3-2 
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FIGURE I-17a. SECTION MCK-3-4 

50OX %281 
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FIGURE I-20a. NICKEL X-RAY IMAGE 
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FIGURE I-20~. SILVER X-RAY IMAGE 
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SECTION 11. EV~LUATION OF GROUND CHARACTERIZ.CITION 
SAMPLES MCS-1, MCS-2, and MCS-3 

A de ta i l ed  meta l lurg ica l  evaluat ion of t h r e e  exothe.rn,ically-brazed I 

s t a i n l e s s  s t e e 1  ground charac te r iza t ion  samples was zor~duckec? at. Ba t t e l l e -  

Columbus. Samples MCS-1, MCS-2, and MCS-3 were amon5 c %: - :;.iples t h a t  were 

brazed a s  p k t  of Exothernic Brazing Experiment M552 a t  . :L  Marshall Sfaie  

F l i g h t  Center i n  January, 1973.* They were made t o  o b t a r ; ~  uase-line d a t a  

for use i n  determining the  e f f e c t  of w.i!ightlessncss on (1) t h e  wetting and 

flow behavior of brazing f i l l e r  metals and (2 )  tne metall.urgica1 charac te r i s -  

tics of the  brazed jo in ts .  The samples ve re  evaluated by metallographic 

examination and e l ec t ron  microprobe ana lys is .  

SAMPLE DESCRIPTION 

Each sample consis ted of a 304L S.S.** s l eeve  i n t o  which a th in-  

wa l l  304L S.S. tube was brazed with the  se l f - f lux ing  silver-copper f i l l e r  

metal Ag-28 Cu-0.2 Li (BAg-8a). The f i l l e r  metal s t r i p  (0.035 inch th i ck  by 

0.145 inch wide) was formed i n t o  r ings ;  one r i n g  was placed i n  each of two 

grooves t h a t  were located near each end of the s leeve.  The brazing clearance,  

i.e-., the spacing between the tube and the  s leeve ,  was 0.005 inch; the  c l ea r -  

ance was uniform f o r  the f u l l  j o i n t  length. Spacers or  i n s e r t s  were used t o  

provide t h i s  clearance and maintain the concen t r i c i t y  of t he  tube within the  

sleeve. The tube was s l i t  a t  its center .  

The other  samples were a l s o  s e n t  t o  Battelle-Columbus. After preliminary 
examination and sec t ion ing ,  three sarcgles were s e n t  t o  the  University of 
Wisconsin f o r  meta l lurg ica l  study. 

** The composition of the bar stock from which the  tube and s leeve  were 
machined was 11.46 Ni-18.70 Cr--1.8 Mn-0.44 Si-0.014 S-0.030 P-O.OlG C-Fe ( r e s t ) .  



Samples MCS-1 and MCS-2 were almos* iden t i ca l .  Both samp1.e~ were 

brazed i n  t h e  hor izonta l  pos i t i on  i n  a vacuum furnace with exotherms t h a t  

weighed 60 grams. The sample temperature was monitored by thermocouples 

a t tached  i n  the foilowing loca t ions :  (1) ins ide  the  tube a t  the  center of 

the sample, (2 )  i n s i d e  the tube a t  the end of t he  s leeve ,  and (3) ou ts ide  

and a t  the  end of t he   tub^. The pressure  within the  vacuv-m furnace and maxi- 

mum temperature (measursd a t  t he  center  I D  of 'he tube) are indica ted  below. 

HCS-1: 3.5 x lo-' t o r r  and 1915 k (1046.1 C) 

HCS-2: 2.6 x 10'~ Corr and 1910 F (1043.3 Cl 

Sample MCS-3 was brazed under the  same condit:ons a s  Samp'es MCS-1 and MCS-2. 

However, a s  ind ica ted  below, the  pressure  and t e m p ~ r a t u r e  a t  which brazing 

occurred var ied  from the  planned schedule because of an equipnent malfunction. 

MCS-3: 1.5 x t o m  and 1810 F (987.7 C) 

Af te r  brazircg, the samples were radiographed a t  t h e  Marshall Space 

F l i g h t  Center. The fo:lowing comments arz dased on the  i n t e r p r e t a t i o n  of the 

radiographs. 

Sample MCS-1: Voids a t  cen ter  and both ends of s leeve ;  excess 

f i l l e r  metal i n  bottom tube; no f i l l e r  metal i n  r i r .~  grooves. 

Sample NCS-2: Voids a t  center  and both ends of s leeve ;  excess 

f i l l e r  metal i n  bottom of tube; no f i l l e r  metal i n  r i n g  grooves. 

Sample MCS-3: Voids a t  both ends of sleeve.; excess f i lAer  metal 

i n  bottom of tube; no f i i l e r  metal i n  r i n g  grooves. .  

SECTIONING 

Samples MCS-1, MCS-2, and MCS-3 were s.!ctioned perpendicular t o  

t he  longi tudina l  a x i s  of the tube assembly t o  produce a s e r i e s  of c i r c u l a r  

sec t ions .  Sectioning was done with a water-cooled s i l i c o n  carbide cut- 

o f f  wheel, 0.020 inch wide. The use of a narrower cut-off wheel t o  minimize 



the  width of the kerf was considered. However, cu t t ing  t e s t s  conducted 

with a 0.010-inch-wide wheel indicated t h a t  equipment modificatioiis would be 

needed t o  produce p a r a l l e l  cuts  and avoid wheel breakage; a l s o ,  cu t t ing  r a t e s  

with t h i s  wheel were very slow. 

Both samples were sectioned as  shown i n  Figure 11-1. Sectioning 

was done i n  general conformance with the  plan adopted during a meeting t h a t  

was held a t  Battelle-Columbus i n  August, 1972. However, instead of section- 

ing  t o  produce c i r cu la r  specimens with a uniform width of 0.100 inch (2.5 mm), 
I 

the  samples were sectioned i n  areas t h a t  appeared t o  be more informative, 

:.e., through the f i l l e r  metal r i n g  grooves, through porosi ty areas,  e t c .  

Nine r . c t i c n s  were cut  from each sample. Each sec t ion  was iden t i f i ed  t o  

indica te  its locat ion along the longitudinal  a x i s  of the  sample. 

VISUAL EXAMINATION 

The sect ions from Samples MCS-1, MCS-2, and MCS-3 were examiaed 

under low-power magnification t o  (1) study the v i s u a l  ap2earance of the  brazed 

tube assembly, (2) confirm the radiographic f indings,  and (3) s e l e c t  sec- 

t i o n s  f o r  me t~ l lograph ic  examination. The r e s u l t s  of these s tud ies  axe 

discussed below. 

Sample MCS-1 

This tube-sleeve assembly appeared t o  be well  brazed from one end 

t o  the  other.  F i l l e r  metal was present  around the  e n t i r e  jo in t  circumference 

i n  each sect ion (except sect ions t h a t  were cut  through t h e  f i l l e r  metal r i n g  

grooves). The jo in t  qual i ty  was v isual ly  excel lent ;  there was one void near 

the  center of the sample a t  the 12 o'clock pos i t ion  during brazing. Excess 

f i l l e r  metal was accumulated inside the tube a t  the  6 o'clock pos i t ion .  The 

r ing  grooves were empty; however, excdllent  flow was indicated by the presence 

of a very th in  f i lm of f i l l e r  metal over the rir.3 groove surface. One 

thermocouple was brazed on the  inside o f  the  tube. Four sect ions were selected 

f o r  metallographic study. 



Sample MCS-2 

This  tube-sleeve assembly was a l s o  wel l  brazed f o r  its e n t i r e  length ,  
* 

and t h e  c i rcumferent ia l  j o in t s  i n  a l l  s ec t ions  (excluding sec t ions  c u t  through 

t h e  r i n g  grooves) were f i l l e d  with f i l l e r  metal. The j o i n t  q u a l i t y  was 

genera l ly  exce l len t ;  however, there  were somc void: between the  tube and  

s l eeve  i n  t he  f a r  right-hand sec t ion ,  i . e . ,  t he  sec t ion  nea re s t  the  end of t he  

tube with the  annular machined grooves. These voids were a l s o  v i s i b l e  on 

t h e  next  sec t ion .  Both r i n g  grooves were empty, b u t  they were coated with 

a t h i n  f i lm  of f i l l e r  metal. F i l l e r  metal was accumulated a t  t h e  bottom of 

the tube. Some f i l l e r  metal was a l s o  present  i n  t h e  center  s l i t  i n  t he  tube. 

Three sec t ions  were se l ec t ed  f o r  metallographic study. 

This  assembly was well  brazed f o r  its e n t i r e  length,  and the  c i r -  

cumferent ial  j o in t s  i n  a l l  s ec t ions  (excluding those c u t  through the  r i n g  

grooves) were f i l l e d  with brazing f i l l e r  metal.  The j o i n t  q u a l i t y  was 

genera l ly  good; t he re  were somc voids between the  tube and s leeve  i n  a sec t ion  

near the  left-hand end of the  s leeve.  Both r i n g  grooves were e s s e n t i a l l y  

empty; t he re  appeared t o  be a very smail f i l l e t  i n  t he  r i n g  grooves and t he  

sur faces  of both were coated with a f i lm  of f i l l e r  metal. F i l l e r  metal was 

accumulated i n  the  bottom of t he  tube. The sur face  of t he  accumulated f i l l e r  

metal was extremely rough and there  were numerous' a reas  of poros i ty .  The 

sur face  of the  accumulated f i l l e r  metal. i n  Samples MCS-1 and MCS-2 was smooth 

and the re  was no evidence of porosi ty .  Four samples were se lec ted  f o r  

metallographic examination. 

Sect ions from Samples MCS-1, MCS-2, and MCS-3 were examined metallo- 

graphica l ly  t o  study (1) the  wetting and flow c h a r a c t e r i s t i c s  of the  f i l l e r  

metal,  ( 2 )  the  q u a l i t y  of brazing,  ( 3 )  de fec t s  and t h e i r  frequency of 

occurrence, ( 4 )  meta l lurg ica l  r eac t ions  hetween the base metal and f i l l e r  

metal ,  and ( 5 )  j o i n t  microstructures .  Thcsc s tud ie s  a r e  discussed below. .. 



Sample MCS-1 

Four s e c t i o n s  r e p r e s e n t i n g  a r e a s  where s i g n i f i c a n t  j o i n t  f e a t u r e s  - 
might be e v i d e n t  were examined. The d e s i g n a t i o n  and approximate l o c a t i o n  

o f  each s e c t i o n  are shown i n  F igure  11-2. S e c t i o n s  MCS-1-1 and MCS-1-2 

were c u t  and mounted t o  pe rmi t  examination o f  t h e  j o i n t  s u r f a c e s  p a r a l l e l  

t o  t h e  l o n g i t u d i n a l  a x i s  02 t h e  sample. S e c t i o n s  MCS-1-4 and MCS-1-8 were 

mounted t o  show t h e  e n t i r e  c i r c u m f e r e n t i a l  j o i n t  between t h e  tube and t h e  
I 

s l e e v e ,  i.e. , t h e  s u r f  ace  pe rpend icu la r  t o  t h e  l o n g i t u d i n a l  a x i s  of t h e  

sample. The meta l lograph ic  specimens were examined i n  t h e  unetched and 

e tched  condi t ion.  

Sec t ion  MCS-1-1 

The upper and lower s i d e s  of this j o i n t  a r e  shown a t  20X i n  F igures  

11-3a and 11-3b, r e s p e c t i v e l y .  The upper s i d e  of t h i s  j o i n t  i s  completely 

f i l l e d  and t h e  j o i n t  q u a l i t y  is e x c e l l e n t .  E x c e l l e n t  f low of t h e  f i l l e r  

meta l  i s  a l s o  i n d i c a t e d  i n  the bottom s e c t i o n  of t h i s  j o i n t ;  however, as 

i n d i c a t e d  by radiography,  t h e  j o i n t  was p a r t i a l l y  void .  The i n s e r t  t h a t  is  

used t o  i n s u r e  t h e  c o n c e n t r i c i t y  of t h e  tube  w i t h i n  t h e  s l e e v e  is well-brazed 

also. 

S e l e c t e d  a r e a s  o f  this j o i n t  are shown i n  t h e  unetched c o n d i t i o n  

a t  magni f i ca t ions  of 250X and 500X i n  F i g u r e s  11-4a an6 11-4b. The mlcrost ruc-  

ture between t h e  j o i n t  i n t e r f a c e s  appears  t o  c o n s i s t  of a three-phase s t r u c t u r e .  

The d i s s o l u t i o n  of t h e  base  metal by t h e  molten f i l l e r  metal  i s  c l e a r l y  

e v i d e n t .  The width of t h e  j o i n t  between i n t e r f a c e s  is 0.0044 i n c h ;  some pro- 

d u c t s  of t h e  base  m e t a l - f i l l e r  meta l  r e a c t i o n  extend abou t  0.001 inch  from 

t h e  i n t e r f a c e .  

The j o i n t  m i c r o s t r u c t u r e  and t h e  phases  conta ined t h e r e i n  are d i s -  

cussed i n  more d e t a i l  l a t e r  i n  t h i s  s e c t i o n .  

S e c t i o n  MCS-1-2 

The upper and lower p o r t i o n s  of t h e  s e c t i o n  a d j a c e n t  t o  t h e  one 

d i scussed  above (MCS-1-1) a r e  shown a t  20X i n  F i g u r e s  11-5a and 11-5b; t h i s  



s e c t i o n  c o n t a i n s  t h e  f i l l e r  metal r i n g  groove and a s h o r t  l e n g t h  of tube-to- 

s l e e v e  j o i n t .  The r i n g  groove is  devoid o f  f i l l e r  metc+i ;  however, t h e r e  was 

evidence of a very t h i n  f i l m  of f i l l e r  metal  on t h e  r i n g  groove s u r f a c e s  - 
a t  . . ~ g h  m g n i f i c a t i o n ,  A s  i n  t h e  previous  s e c t i o n  (and a s  i n d i c a t e d  by 

rad iography) ,  t h e  upper s e c t i o n  of t h e  j o i n t  was f i l l e d  w i t h  f i l l e r  m e t a l ;  

the lower s e c t i o n  w a s  void.  F i l l e r  meta l  i s  puddled a t  t h e  bottom i n s i d e  

o f  t h e  tube.  Th is  f i l l e r  flowed from t h e  r i n g  groove t o  the c e n t e r  of t h e  

sample, through t h e  sli ts i n  t he  tubc ,  and back a long the i n s i d e  of t h e  tube.  
B 

The m i c r o s t r u c t u r e  of an a r e a  of accumulated f i l l e r  mctal  is  s h w n  

i n  t h e  unetched c o n d i t i o n  a t  250X and 50CX i n  F igures  11-6a and 11-6b. 

React ion between the base  metal  and molten f i l l e r  m e t a l  a t  t h e  i n t e r f a c e  

i s  c l e a r l y  ev iden t .  The m i c r o s t r u c t u r e  of t h e  bu lk  f i l l e r  metal  i s  q u i t e  

complex, c o n s i s t i n g  of p roduc t s  from t h e  b a s e  me t a l - f  i l l e r  metal  r e a c t i o n  

and p o s s i b l y  some s i lve r -copper  e u t e c t i c .  

S e c t i o n  MCS-1-4 

The f u l l  c i r c u m f c r e n t i a l  j o i n t  between Ule t u b e  and t h e  . 'ccve i s  

shown a t  4X i n  F igure  7. The j o i n t  q u a l i t y  i s  q e n e r a l l y  t x c c l l e n t  cxcept  

f o r  two vo id  a r e a s  i n  t h c  upper r ight-hand quadrant .  F:!'+>r mcta l  has  

accumulated a t  the  bottom i n s i d e  of t h e  tube ( t h e  mcroqr - :  .. : r l i g h t l y  

o u t  of t h e  o r i e n t a t i o n  i n  which b r a z i n g  occur red)  and 1~ nas  flowed t o  envelop 

the thermocouple. 

A s e c t i o n  of void  a r e a  is shown a t  l O O X  i n  F i g u r e  11-8. The e n t i r e  

arca between t h e  j o i n t  i n t e r f a c e  appears  t o  have Icn once f i l l e d  wit21 f i l l e r  

meta l ;  t h e  void  occurred when f i l l e r  meta l  drain'.. . - I :  ;il t h i s  area i n t o  o t h e r s  

t h a t  werc d c f i c i e r t t  i n  f i l l e r  mctal .  

An a r e a  of t h e  f i l l e r  mcta l  accumulated i n s i d e  t h e  tube i s  shown 

a t  250X i n  F igure  11-9. The m i c r o s t r u c t u r e  of t h i s  a r e a  i s  somewhat d i f f e r e n t  

than t h a t  shown i n  Figure  11-6a; a d e n d r i t i c  phase is  p r e s e n t  i n  a m a t r i x  

of f i l l e r  metal .  The amount of r e a c t i o n  bctwcen t h e  base metal  and molten 

f i l l e r  metal  is comparable i n  both  a r e a s .  



One of the thermocouple wires is shown a t  250X i n  Figure 11-10. As 

indicated,  f i l l e r  metal flowed around the inside of the tube t o  encase these 

wires. Considerable reaction between the molten f i l l e r  metal and ithe thermo- 

couple wire occurred; the maximum depth of reaction is about 0.0008 inch. 

Section MCS-1-9 

A section through the left-hand f j l l e r  metal r ing groove 1s s ,owu 
I 

a t  4X i n  Figure 11-11. The r - ~ l g  groove is  empty; however, its surfaces are  

covered with a very thin film of f i l l =  metal. k'l,ler metal I I - ~  accumulated 

a t  the bottom inside of the tube. The microstrt:ture of the  accumulated 

f i l l e r  metal is  similar  t o  t ha t  observed i n  other sections of t h i s  jo int .  

Sample MCS-2 

Three representat ive sections from t h i s  sample were examined; t he i r  

location and designation a r e  indicated in  Figure 11-12. Two sections (MCS-2-4 

and .:CN-2-7) were cu t  and mounted t o  pe rn i t  examination of the en t i r e  circum- 

f e r en t i a l  jo int  between the tube and sleeve, i . e . ,  the surface perpendicular t o  

the longitudinal axis  of the sample. The other section (MCS-2-9) was cut  and 

mounted so tha t  the jo int  surfaces pa r a l l e l  t o  the longitudinal axis  of the 

sample could be examined. 

Section MCS-2-4 

The f u l l  circumferential jo int  between the tube and sleeve is shown 

a t  4X i n  Figure 11-13. The jo int  qual i ty  was excellent  and there were no 

void areas of significance. A section of t h i s  jo int  is shown i n  the unetched 

condition a t  250X in  Figure 11-14a; the same section is shown etched i n  

Figure 11-14b. The jo int  microstructure appears similar t o  those observed i n  

sections from Sample MCS-1. 



Fi l l e r  metal has accumulated on the inside bottom of the tube. The 

microstructure of an area of accumulated f i l l e r  metal is  shown in  Figure 

11-15 a t  250X. There appears to  be l i t t l e  reaction a t  the interface between 

the f i l l e r  metal and base metal; the microstructure is  comprised primarily 

of the silver-copper eutectic. 

Section MCS-2-7 

I 

The circumferential. joint between the tube and sleeve is shown a t  

4 X  i n  Figure 11-16. Excellent flow of the f i l l e r  metal during brazing 

occurred. The joint is completely f i l l ed ;  there were a few small isolated 

voids of l i t t l e  significance. F i l l e r  metal flowed through the slits in  the 

center of the tube and accumulated in  the bottom inside of the the tube. As 

it did so, it brazed the thermocouple to  the inside of the tube. The joint 

microstructure and the microstructure of the accumulated f i l l e r  metal i s  

similar to  those observed previously. 

Section MCS-2-9 

The lower half of the joint in  th i s  section is  shown a t  4 X  in  

Figure 11-17. Excellent flow of the f i l l e r  metal occurred during brazing; 

the joint between the tube and sleeve i s  completely f i l l ed  and the inser t  is  

brazed into the remainder of the assembly. The f i l l e r  metal ring groove is 

essentially empty. A few isolated voids are vis ible  i n  the joint. The 

appearance of the upper section of th is  joint is s i m i l a r  t o  tha t  shown in 

Figure 11-17. 

Sample MCS-3 

Four sections representing typical joint areas in th i s  tube assembly 

were examined metallographically; the location and designation of each section 

are shown i n  ~ i g u r e  II-18a. 'I"i-cee ~ e c t i o n s  were cut and mounted to  permit 

examination of the joint surfaces parallel  to  the longitudinal axis of the 

sample. The remaining section was mounted to  permit examinatiorl of the 

ent i re  circumferential joint. 
- 



Section MCS-3-2 

The lower half of t h i s  sect ion i s  shown a t  20X i n  Figure 11-1%. 

The r ing  groove is essen t i a l ly  void except f o r  some f i l l e r  metal remaining 

i a  one corner. This sec t ion  of jo in t  between the tube and sleeve i s  completely 

void;howevcr, the jo in t  i n  the upper half  of t h i s  sect ion was well  f i l l e d  

with f i l l e r  meta.1. The presence of voids i n  *is area  was indicated by radio- 

graphy. A s  cbserved previously with Samples MCS-1 and MCS-2, f i l l e r  metal 
I 

accumulated on the bottom inside o f  t he  tube during brazing. However, the  

surface of the accumulated f i l l e r  metal was extremely rough and there were 

numerous indicat ions of voids o r  porosity. In cont ras t ,  the  surface of the  

accunuiated f i l l e r  metal i n  the  other two samples (MCS-1 and MCS-2) was very 

smooth. Due t o  an equipment malfunction, the  maximum temperature t o  which 

Sample MCS-3 was heated during brazing was about 100 F (37.8 C) lower than the 

temperature t o  which the other  samples were heated. Apparently, the  surface 

roughness is associated with the  manner i n  which the  f i l l e r  metal flowed and 

so l id i f i ed .  

. 
Section MCS-3-3 

A sec t ion  through the  right-hand r ing  groove is shown a t  4X i n  

Figure 11-19a. The r ing  groove is void; however, a t h i n  f i lm of f i l l e r  metal 

was present  on i ts surfaces. The surface roughness of the  f i l l e r  metal t h a t  

accumulated ins ide  the tube during brazing is  c lea r ly  evident. An area of 

accumulated f i l l e r  metal is shown a t  l O O X  i n  Figure 11-19b. Voids o r  pores 

a r e  present i n  t h i s  area. The microstructure of t h i s  a rea  is somewhat 

d i f f e r e n t  from t h a t  observed i n  s imilar  sect ions from samples MCS-1 and MCS-2. 

Although the maximum brazing temperature f o r  Sample MCS-3 was l e s s  than it 

was f o r  the other  two samples, the  products of the  reac t ion  between the base 

metal and the  molten f i l l e r  metal appear t o  be dispexsed i n  la rger  amounts 

throughout the microstructure. 

Section MCS- 3- 5 

The upper and lower portions of the  sect ion adjacent t o  the slits 

i n  the center of the  tube a r e  shown a t  20X in  Figures 11-20a and TI-2Qb. In 

Figure 11-20a, there  is  a more o r  l e s s  continuous void i n  the jo in t  between 



the tube c.nd sleeve. However, it appears tha t  f i l l e r  metal was present i n  

this area, and that  it drained away during the sol idif icat ion process. The 

bottom joint ,  i .e . ,  the area a t  the 6 o'clock position during brazing, was - 
completely f i l l e d  with f i l l e r  metal (Figure 11-20b). F i l lo r  metal has a lso 

accumulated inside the tube and along the wall of the s l i t ;  the s l i t  is  not 

vis ible  in  Figure 11-20a because it is  not continuous around the cirdum- 

ference of the tube. 

I 

Section MCS-3-9 

The upper and lower sections oZ th i s  joint  are  shown a t  20Y i n  

Figures 11-21a and 11-21b; t h i s  section i s  located a t  the f a r  left-hand side 

of the sample and it includes a portion of the f i l l e r  metal r ing groove. The 

joint  between the tube and the sleeve is well-brazed; there were a few isolated 

voids of no significance. The ring groove i s  essentially void. The surface 

roughness of the f i l l e r  metal accumulated inside the tube is  evident i n  

Figure 11-2lb; numerous voids are  present also. 

MICROSTRUCTURAL STUDIES - 

Studies were conducted to  investigate the base metal-filler metal 

reactions t ha t  oczurred during brazing and their  e f fec t  on the microstructure 

of the brazed joints. The approximate composition of some phase constituents 

was also determined . 
The microstructure of a typical area of the joint  between the tube 

and sleeve i n  Section MCS-2-4 is shown in  the unetched condition a t  a magnifi- 

cation of SOOX i n  Figure 11-22. Condiderable reaction between the base metal 

md  the molten f i l i e r  metal occurred during brazing. In Section MCS-2-,4, 

measurements indicated that  a layer of base metal (about 0.0005-inch-thick) 

was dissolved by the molten f i l l e r  metal to  form another phase a t  the joint  

interface (areas labelled A i n  Figure 11-22) .  Presumably, t h i s  is a copper- 

nickel phase because copper and nickel form a continuous se r ies  of solid 

solutions. The other elements contained i n  the base metal have a limited 

solubi l i ty  i~ the molten constituents of the f i l l e r  metal. This phase appears 

t o  disperse also i n  the area between the point interfaces (areas labelled B 

i n  Figure AX-22) . 



The microstructure of t'le brazed j o i n t  was s tudied  by e l ec t ron  micro- 

probe analysis .  An area* similar t o  t h a t  shown i n  Figure 11-22 was scanned 

with the e l ec t ron  microprobe t o  determine the  d i s t r i b u t i o n  of t he  elements . 
i n  t he  f i l l e r  metal ( s i l v e r  and copper) and the  major elements i n  the  304L 

s t a i n l e s s  s t e e l  base metal (n i cke l ,  chromium, and i r o n ) .  The r e s u l t i n g  X-ray 

images f o r  these elements a r e  shown i n  Figures  11-23a through 11-23s. By 

examining the  va r i a t i ons  i n  i n t e n s i t y  t h a t  i nd ica t e  t h e  approximate concentra- 

t i o n  d i s t r i b u t i o n  of each element i n  the a r ea  being scanned, it was por,sible 
I 

t o  est imate the  approximate composition of phase cons t i t uen t s  i n  t h e  a r e a s  

of i n t e r e s t .  The r e s u l t s  of these s t u d i e s  a r e  discussed below. 

(1) The phase (A i n  Figure 11-22] along the  j o i n t  i n t e r f ace  t h a t  

was produced by d i s so lu t ion  of t he  base metal by t h e  molten 

f i l l e r  metal contained 73 percent  (or  more) copper, some s i l v e r  

(about 6 percent )  , and a small amount of n icke l .  Chromium and 

i r o n  were not  de tec ted  i n  t h i s  a r ea .  

(2)  The composition of the  phases l abe l l ed  B and D i n  Figure II- 

22 was almost i d e n t i c a l  t o  t h a t  of the phase l abe l l ed  A. These 

p a r t i c l e s  r e su l t ed  from the  base me ta l - f i l l e r  metal r eac t ion  

and became detached a s  d i s so lu t ion  af t h e  base metal progressed. 

(3) The l i g h t  a r eas  (C i n  Figure 11-22) a r e  composed of e s s e n t i a l l y  

pure s i l v e r .  

(4)  The presence of n i cke l ,  chromium, and i r o n  i n  t he  base metal 

(E i n  Figure 11-22] i s  indicated by t h e  X-ray images f o r  

t hese  elements. 

* The area  scanned by the e l ec t ron  microprobe d i f f e r e d  s l i g h t l y  from_that 
shqm i n  Figure 11-22, because the specimen was repol ished before study. 
However, the area scanned contained the f ea tu re s  ind ica ted  i n  t h i s  f i gu re .  
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20X 5G495 - 
FIGURE 11-3a. SECTION MCS-1-1 ,' . / . !* ! c-. " . 

FIGURE 11-3b. SECTION MCS-1-1 





20X 5GC 3 7 

FIGURE 11-Sa. SECTIO?? MCS-1-2 

20X 5G498 

FIGURE 11-5b. SECTION ACS-1-2 



FIGURE 11-6a. SECTION MCS-1-2 

\ 

FIGURE 11-6b. SECTION MCS-1-2 



FIGURE 11-7. SECTION MCS-1-4 

250X 564 89 

FIGURE: 11-8. SECTION MCS-1-4 



FIGURE 11-9. SECTION MCS-1-4 

FIGURE 1 I- 10. SECTION MCS-i.-4 



4 X  5G508 

FIGURE 11-11. SECTION MCS-1-9 

4X 5G503 

FIGURE 11-13. SECTlON MCS-2-4 





FIGUFE 11-14a. SECTION MCS-2-4 

2 5 0 ~  56637 

FICXlFE 11-14b. SECTION MCS-2-4 



FIGURE 11-15. SECTION MCS-2-4 
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4X 5G510 

FIGURE 11-16. SECTION MCS-2-7 



56503 

FIGURE 11-17. S!3CTION MCS-2-9 

FIGURE 11-18b. SEC'IiON MCS-3-2 



4
 D

en
o
te

s 
su

rf
 a

c
e
 p
e
r
p
e
n
d
i
c
u
l
a
r
 

t
o
 
a
x
i
s
 
o
f 

sa
m

p
le

 

-k
 D

en
o
te

s 
su

r
fa

c
e
 p

a
r

a
ll

e
l 
to
 

ax
is
 o

f 
sa

m
p

le
 FI

G
U

R
E
 

1
1
-1

8
a
. 

SU
R

FA
C

E
S 
E
X
A
M
I
N
E
D
 D

u
R

IN
G

'M
E

T
A

~
G

R
A

P
H

IC
 

E
V

A
L

U
A

T
IO

N
 

(M
C

S-
3)

 

4-
 

+ 4 :2 "I
 

* 1 m
 

I V
) U
 

I
:

.
 



4X SG511 

FIGURE I1 -19a. SECTION MCS-3-3 

FIGURE 11-19b. SECTION MCS-3-3 



20X 5G501 

FIGURE: 11-20a. SECTION MCS-3-5 

FIWRE 11-20b. SECTIOI MCS-3-5 



FIGURE 11-21a. SECTION MCS-3-9 

20X 

FIGURE 11-2lb. SECTION MCS-3-9 



500X 56492 

FIGURE 11-22. SECTION MCS-2-4 

Q300X 11476 

FIGURE 1 1 - 2 3 a .  SECTION MCS-2-4 
SILVER X-RAY IMAGE 



Ir 
300X 11478 

FIGURE 11-23b. SECTION MCS-2-4 
COPPER X-RAY IMAGE 

FIGURE 11-23b. SECTION MCS-2-4 
NICKEL X-RAY IMAGE 



% 3 0 0 X  11477 

F I G U P E  11-23d. S E C T I O N  MCS-2-4 
CHROMIUM X-RAY I M A a  

s 3 0 0 X  11475 

FIGURE 11-23e. S E C T I O N  MCS-2-4 
I RON X- WLY IMAGE 
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